participants/materials, setting, methods: A total of 998 subjects were included for statistical analysis. Of these, 332 men provided single semen samples (group 1) and 666 men provided two samples (group 2). Semen parameters, including semen volume, sperm concentration, total sperm number, progressive motility, vitality, and sperm morphology, were analyzed with standardized methods according to the World Health Organization (WHO) laboratory manual for the examination of human semen and sperm-cervical mucus interaction (3rd edition).
Introduction
Due to inherent biological variation, pre-analytical influences, analytical random error (precision) and systematic error (bias), the test results for each semen sample are not exactly the same if a series of semen samples are taken from one individual at different times (Alvarez et al., 2003) . Such factors influencing the result may be an individual's state of disease or overwork or sexual abstinence period, transport of the sample to the laboratory, a technician's proficiency and different detection tools.
In clinical settings, it is usually recommended that at least two semen samples should be obtained because of the significant intra-individual variation of semen parameters. However, this practice is associated with some problems when conducting epidemiological studies on semen quality. If only one semen sample is collected, the cost effectiveness will be improved, but the variation will not be controlled. Average values of two or more semen samples per participant reduce the variation of semen quality estimates, but requesting a second sample deters and decreases participation. Multiple samples also raise a statistical issue because average values of semen parameters may not be suitable for risk factor analysis in epidemiological studies.
Although some studies have examined the within-subject variation of semen quality in men (Auger et al., 2000; Wijchman et al., 2001; Keel, 2006; Francavilla et al., 2007; Leushuis et al., 2010; Kim et al., 2014) , few studies have discussed whether single semen sample data could be used for modeling for exploring influencing factors and whether the models could be validated in epidemiological studies. This study used a well-conducted study with a large population of nearly one thousand healthy men to compare semen quality between men giving one or two samples for analysis, to determine the intra-individual variation, and to build regression models for validation.
Materials and Methods

Ethical approval
To make a comprehensive assessment of semen quality in healthy Chinese men, Shanghai Institute of Planned Parenthood Research conducted a nationwide cross-sectional study. The institutional review board of Shanghai Institute of Planned Parenthood Research approved the research and its protocols.
Subjects
Posters were distributed to each family by the local office of China Family Planning Network in five provinces (Hebei, Shanxi, Guizhou, Zhejiang and Shandong). A total of 1010 volunteers were recruited from 1 December 2000 to 20 November 2002. Participants were aged between 20 and 60 years old. Approximately half were from urban areas, and half were from rural areas. Participants were eligible for this study if they had no self-reported history of major chronic diseases, reproductive disorders, infertility or occupational toxic exposure. After obtaining informed consent, uniformly trained investigators collected the participants' demographic and lifestyle information using a structured interview. All participants were asked to provide two semen samples with an interval of between 7 and 30 days.
Semen quality
Semen analysis was conducted by qualified laboratory technicians, with standardized methods according to the World Health Organization (WHO) laboratory manual for the examination of human semen and sperm-cervical mucus interaction (3rd edition) (WHO, 1992) . One technician in each province performed all semen analyses to reduce variation between laboratories. Laboratory equipment was supplied by the same certified company to minimize equipment-related variation. The semen parameters measured were: semen volume, sperm concentration, total sperm number, progressive motility, vitality and sperm morphology. Semen analysis and quality assurance procedures were detailed in a previously published article (Gao et al., 2007) .
Statistical analyses
Of the 1010 volunteers, 12 records were excluded due to lack of data on semen quality (eight cases), sperm concentration being extremely high (.mean + 3 SD) (one case) or duration of abstinence being longer than requested (three cases). A total of 998 records were included in the data analysis.
Firstly, we calculated the differences for the semen parameters between single semen samples (group 1) and double samples (group 2). Then paired t tests were used to evaluate the differences between the first and the second sample of group 2. The within-subject coefficients of variation (CV w ) were calculated for assessing the reproducibility (Quan and Shih, 1996) . The bivariate correlations between two samples of group 2 for the semen variables were assessed by Spearman's correlation coefficients (r s ).
Agreement of semen parameters between the first and the second semen samples were analyzed by using the scatter plot and Bland-Altman plot. The Bland-Altman method, often used to compare the agreement between two methods or repeated data (Brazdzionyte and Macas, 2007) , plots the difference between two semen samples against their mean. In Bland-Altman plot, the horizontal axis represents the average of two samples and the vertical one is the difference between the two samples. The middle line represents the mean of difference. The upper and lower lines are the 95% confidence limitation of the difference. The agreement is usually judged based on the percentage of the confidence interval relative to the mean (Bland and Altman, 1986 ).
Finally, model selection and validation were applied to examine if the regression model developed from the first semen data was still applicable for the second one. If the results are consistent, they provide strong support that the chosen regression model is applicable under broader circumstances than those related to the original data (Kutner et al., 2005) . Only data of participants with two semen samples were included. Data from the first semen samples were analyzed to select the appropriate linear regression models. Influence factors included center, age, occupation, income, education, BMI, smoking, alcohol intake, sedentary work, heat bed use, anxiety, house decorating, pesticide exposure, disease history, drug use, testis volume, season, interval between sample collection and analysis, liquidation time and sterility history. Different models with 3 -20 influence factors were built. The three best models were selected for each semen parameter, based on statistical values R 2 , Cp, MSE (mean square error), combining residual plots. The intent in using the R 2 criterion is to find the point where adding more X variables is not worthwhile because it leads to a very small increase in R 2 . The Cp value is small and near p indicates little bias in the regression model. Models with small MSE values are considered good candidate models. After the model selection, the data from the second samples were used for model validation, based on residual plots and the proximity between MSPR (mean squared prediction error) from the second data and MSE from the first data, to judge whether the previously selected model fit the second data. The fact that MSPR is close to MSE implies that the MSE based on the first data is a reasonably valid indicator of the predictive ability of the fitted regression model. That is, the regression model from the first semen data is widely applicable. Finally, the best model was selected for each parameter based on the statistical results of model selection and validation and on medical knowledge.
Results
The demographic data of this cohort have been analyzed in separate articles (Gao et al., 2007; Zhu et al., 2011) . Among a total of 998 records, 332 men provided single semen samples (group 1) and 666 men provided double samples (group 2). The semen parameters of samples from group 1 were compared with those of the first sample from group 2. The rapidly progressive motility of semen from group 1 was lower than that of group 2. Other parameters showed no significant differences (Table I) . The semen parameters of the two samples from group 2 were compared by paired t test. The differences in the means of volume and vitality between the first and the second samples showed significance, however the differences were small. Other parameters did not show significant differences. Among semen parameters, semen volume (0.35), sperm concentration (0.41) and total sperm number (0.57) showed higher values for CV w , while progressive motility (a: 0.28, a + b: 0.20), vitality (0.11) and normal morphology (0.13) showed lower values for CV w . The ranges between 5th and 95th percentile and standard deviations of these parameters in the second batch samples were smaller than those of the first. The correlations between the two samples of group 2 ranged from 0.58 to 0.93 (all P , 0.01). The correlation was somewhat low for semen volume and total sperm number, and high for normal morphology (Table I) .
The scatter plot of the first and second samples showed poor agreement for all parameters except normal morphology. Bland-Altman plots showed the results of the first semen samples data as compared with the second data of group 2. The mean difference of the semen parameters had small negative biases for semen volume, concentration, total number, rapidly progressive motility (a), progressive motility (a + b) and vitality. There was a small positive bias for sperm normal morphology. The confidence intervals for the limits of agreement were wider for semen volume (137% of the mean 2.5), concentration (160% of the mean 70.5), total number (222% of the mean 179.4), rapidly progressive motility (a) (110% of the mean 16.1) and progressive motility (a + b) (80% of the mean 48.0), and were slightly narrower for sperm vitality (44% of the mean 70.9) and normal morphology (51% of the mean 41.5) (Figs. 1 and 2) . Single or double semen samples plots were not shown). The differences between MSPR and MSE were small, ranging from 0.6 to 7.1% of MSE.
Discussion
The results show that, with the exception that rapidly progressive motility was lower in the one-sample group, semen parameters were quite similar between the one-sample group and the two-sample group. The difference in semen parameters between first and second samples were small, although the difference in semen volume and vitality showed significance, which might be caused by large sample size and small SD. The ranges and standard deviations of the first batch samples were a little wider than those of the second. The correlations between the two ejaculates were high. However, the scatter plots and the Bland-Altman plots indicated poor agreements between two semen ejaculates, except for sperm vitality and normal morphology. Model selection and validation analysis supported the premise that the chosen regression model from the first samples was applicable for the second samples. Under the same recruiting mobilization, two-thirds of the subjects provided two semen samples and one-third provided one. Rapidly progressive motility was the only semen parameter which differed between one-sample and two-sample groups. Stokes-Riner's research did not find semen quality differed significantly between men who gave one sample compared with those who gave two (Stokes-Riner et al., 2007) . However, they did not compare rapidly progressive motility (a level) but just compared progressive motility (a + b level). Although there were 624 men who gave two samples, only 82 men gave one sample in that research. Progressive motility is often linked with male fertility (Buck Louis et al., 2014 ). Guan's research indicated that pre-freezing progressive sperm motility was the only parameter affecting AID (artificial intrauterine insemination with cryopreserved donor spermatozoon) pregnancy outcome and should be a valuable predictor (Guan et al., 2015) . It may be that lower rapidly progressive motility might explain the difficulty in semen collection with masturbation, and then lead to refusal on second semen collection, and further leads to a less representativeness of the population. However, in the fifth edition WHO manual, the reference value of rapidly progressive motility was taken away (WHO, 2010) .
One of the strengths of this study is the large sample size with extensive quality control, which provides robust parameter estimation and promises good applicability when we conduct model selection and validation. The technicians in charge of semen analysis did not know which volunteers would donate once or twice. Therefore they would not subconsciously judge better results of semen quality for those who donated twice.
A limitation of this study, however, is that the results are only valid for ordinary men in China, not for subfertile or infertile men. The participants were recruited by advertising, therefore they might be healthier than those did not respond. Keel's research pointed out that CV w (within-subject coefficients of variation) was lower and CV b (betweensubject coefficients of variation) was higher in donors compared with patients (Keel, 2006) . In addition, we did not analyze the percentages of WHO standard reference values of semen parameters. One major reason is that the WHO standards varied and there are some important differences between the fifth version (2010) and the third version (1992), especially on motility. Another reason is that the eligible percentages may be too high to be differentiated, as the eligible percentages of sperm concentration were more than 95%.
Although there are some intra-individual variations of sperm quality, our findings reassure researchers that if the process of semen collection and analysis is conducted with well-standardized operational procedures, one ejaculate is a sufficient indicator of semen quality in a group Single or double semen samples of subjects in epidemiological studies (Rylander et al., 2009; Kim et al., 2014; Hart et al., 2015) . Requesting multiple semen donations from each donor may decrease the representative of the sample.
In conclusion, the overall semen quality of a given ordinary group will not vary apparently in a short term, and a single semen sample can be used in model construction as long as the model adjusts for major relevant covariates. 
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